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ABSTRACT 

Carboniferous to Permian basins reflected compression regime of the 
Variscan orogeny during the continent-continent collision in final stages. 
The fragments of these microplates are preserved in the Alpine Western 
Carpathians basement (CWCZ, NGZ vers. IWCZ). On the basis of sedi¬ 
mentary sequence analysis two zones of continental collision differing in time 
were established: (l) internal with termination of collision during Bretonian 
(pre-Sudetian) events, resulting in the syn-collision Tourlr.iisian-Visean 
flysch; (2) external with termination of collision during pre-Asturian evenrs, 
comprising the Bushkirian, and in the innermost part of the Western 
Carpathians (Biikk Mountains in the northern part of Hungary) partly even 
the Early Moscovian flysch sequences. 


MOTS CLfiS 
Prfri-Tcrhys, 
Carpates occidentales, 
orogifnise tardi varisque, 
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I’ermien, 

bassins syn- ct post-orogt!niques, 
collision. 


RESUME 

L interval!* Carbonifere superiear h Permien inferiei.tr dam lei Carpates occiden¬ 
tales : marge septentriunnle de la Tethys. I,e> bassins d’age carbonifere a per¬ 
mien refletenc un regime dc compression ippattenant a I'orogciiise varisque, 
lors de la collision continent-continent dans les stages finaux. Les fragments 
de ces microplaques sent preserves' dans le socle dcs Carpates alpines occiden¬ 
tales (CWCZ, NGZ vers. IWCZ). D'aprfcs lanalyse des sequences sedimen- 
taires, deux zones de collision contiitentale peuvent etre dtablies: (1) interne 
avec la fin de la collision pendant la phase Breronne (prd-Sudke), entrainant 
lc depot du flysch tournaisien-visden inferieut syn-collision : (2) externe avec 
la fin de la collision pendant la phase pre-Asturienne, comprcnant le 
Bashkirien er, dans la parrie- la plus interne des Carpates occidentales 
(Montague du Biikk dans le nord de la llungrie), !e depot dc flysch d'age 
moscovien inferieur. 
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INTRODUCTION 


The kinematic evolution of the West 
Carpathians orogenic system was created during 
both Variscan and Alpine times. Fragments of 
newly formed Epi-Variscan crust were incorpora¬ 
ted in the Paleo-Alpine West Carpathian units as 
evidenced by repeating subduction/collision and 
transform fault processes. The Epi-Variscan crust 
gradually amalgamated due to crustal thickening 
during Early to Late Catbonilerous collision 
events, as the colliding microplates of African 
affinity moved southwards. The Early 
Carboniferous flysch troughs originated in inrra- 
sutural embayment continuing in the Late 
Carboniferous peripheral basin on the under¬ 
thrusting plate of the African promontory. The 
post-collisional Permian evolution of the 
Western Carpathian realm continued by forma¬ 
tion of rranstension/transptession and rifting- 
related sedimentary basins. 

Like most of the ocher collisional fold belts, the 
Western Carpathians have been traditionally 
divided into external and internal structural 
zones. The main difference between distingui¬ 
shed structural zones is in the age of the main 
Alpine events and in the intensity of their defor- 
mational and mecamorphic effects. These arc: (1) 
internal zone, the HP/LT Late Jurassic subdttc- 
cion event and Early/Middle Cretaceous colli¬ 
sion, followed by nappe stacking; (2) external 
zone, the Late Cretaceous/Early Paleocene to the 
Oligocette/Early Miocene subduction/accretion 
and collision events. The fragments of the Late 
Paleozoic sedimentary basins filling arc preserved 
only inside of the internal zone, as a part ot prin¬ 
cipal crustal-scale superunits (from N to S; the 
Tatricum, Veporicum and Gcmcricum), and 
several cover nappe systems (Fatric, Hronic and 
Silic) as well as of the Borka and Turna nappe sli¬ 
vers (Fig. I). 

Relics of the Late Carboniferous sedimentary 
sequences are proved by lirhofacial and biofacial 
data in a relative wide range of sedimentary envi¬ 
ronments, from shallow-water marine to paralic 
and continental. The Early Permian sediments 
confirm only continental environment as a whole. 


GEOLOGICAL FRAMEWORK 


Different types of Variscan basement were over¬ 
stepped by the Late Carbonifcrous/Early 
Permian sedimentary sequences. With respect to 
rhe metatnorphic overprint, independent of the 
age of metamorphism, the Alpine-Western 
Carpathian basement may be subdivided into 
three zones (Fig, 1): 

1. The Central Western Carpathian crystalline 
zone (CWCZ) svhich comprises mainly meta- 
morphic rocks and huge masses of pre-Mesozoic 
granitoids. Pieces tif pre-Variscan metamorphic 
crust were most probably included in this zone. 
Several pre-Alpine terrancs were identified within 
large portion of the CWC-AJpinc nappe units 
(Tatra T,, within Tatric, Northern Veporic and 
Zemplinic Units; Kohut T., within Southern 
Veporic Unit; Hypoth. Tpoltica T., within 
Hronic Lfoiu Vozarovd & Vozar 1993. 1996), 
Nearly all underwent Variscan metamorphism 
during Early Carboniferous post-dating some¬ 
times such of Silurian/Devonian nr also older 
metamorphic events. Magmatic activity is 
concentrated into two stages (Rb-Sr; U-Pb: 
approx. 360-340 Ma and 320-300 Ma; Cambel 
& Krai 1989; Cambel etui. 1990), 

Rare post-orogenic A-magmatites correspond to 
Permian age (Rb/Sr: 280-250 Ma; Cambel etui 
1989). Geochemical data indicate the operation 
ofsubduction system and then collisional-type of 
orogeny (Hovorka & Petrik 1992; Kohut 1992; 
Pctrik el al. 1994, 1995). Granulites and leptiny- 
te-amphibolife complexes with pieces of meta- 
ultramafic rocks and regressive overprinted 
eclogites are integral part of the CWCZ base¬ 
ment (Hovorka & Meres 1989, 1990; Vozarova 
1993). 

2. The Northern Gemeric zone (NGZ) with 
relics of the Namurian-Visean flysch and thrust 
wedges of pre-Carboniferous oceanic crust. This 
zone represents the Variscan collision suture, 
amalgamating two major Variscan microplates 
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Fig. 1 — Tectonic sketch of the Slovak part of the western Carpathian (see legend Fig 8). 
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(Vozarova & Vozar 1987, 1988; Neubaucr 1988; 
Neubaaer & Vozarov-i 1990). Ib this domain 
two since undated Varisc3n terranes (Klatov and 
Rakovec T.; Vozarova 6 C Vozar 1993, 1996), 
which differ each of other in tectono-meramor- 
phic development and probably also in the age ol 
protolirh. Their gradual amalgamation was 
taking place in the Early Carboniferous because, 
as the Uppermost Viscan/Scrpukhovian is in 
shallow water carbonate-relastic development 
(magnesite horizon within the Ochtina Group) 
and after stratigraphic hiatus in the Namurian B- 
C, were unconformably overlapped by the 
Moscovian marine tnolasse. I his tinconformably 
lying marine ntolasse partly covered also the 
Early Carboniferous flysch sequence (eastern part 
of NGZ), to fix up the Late Variscan thrust sheet 
structure. 

The mutual contact of the prc-Carboniferous 
crystalline complexes is tectonic, followed by 
lenses of antigoritic serpenrinites. 

High-grade crystalline complex (the Klatov T.) 
consists of mainly amphibolites', less gneisses and 
meta-ulttamafic rocks. Meta-uliramafic rocks 
and metabasalt were considered as a part of 
incomplete ophiohte suite (Hovorka et al. 1984; 
Spisiak ei al 1983). Findings of regressive over¬ 
printed cdogitic rocks make possible to assume a 
polyphase meramorphic P-T path with previous 
high-pressure conditions, This is the main reason 
for recent comparing of this complex with lower- 
crustal leptinite-amphibnlite complexes 
(1 lovorka et al. 1992). 

Low-grade crystalline complex (the Rakovec T.) 
is composed predominantly of rholeiitic metaba¬ 
salts and metabasaltic volcanoclastics, associated 
with less amounts of sandy-pelitic metasediments 
and small bodies of gabrodiorites as well as meta- 
keratophyres. The magmatic, rocks show geoche¬ 
mical characteristics near to E-MORB/OIT 
basalts (Ivan 1994) and partly to island arc 
basalts. .Several reasons speak in favour of a back- 
arc/supra-subducdon zone setting of this crust 
(Vozarova 1993). 

3. The Inner Western Carpathian crystalline 
zone (IWCZ) which is subdivided into two 
subzones: the Southern Gemeric zone (SGZ), 


theTurna-Szcndrb-Bukk zone (TSBZ). 
Dominant part ol the Southern Gemeric zone is 
composed ol the Early Paleozoic volcanogenic 
flysch formation and its Permian-Triassic cover 
(rhe Gelnica T.; Vozarova & Vozar 1993, 1996). 
A huge mass of volcanogenic flysch comprises a 
distinct feature of turbidity current and other 
mass-gravity flow sedimentation (Ivanicka et al. 
1989). Besides of a quantity of redeposired acid 
to intermediate volcanoclastic material; derived 
from synsedimentary continental magmatic arc, 
also detritus from the subduction complex or 
fragment of oceanic crust are insufficiently pre¬ 
sent. Regional metamorphism of the SGZ base¬ 
ment did not exceed the low-pressure greenschist 
facies (Sassi (k Vo/.drovi 1987, 1992). The age 
was proved palynologically within the wide and 
the most probably not precise range of the Late 
Cambrian to Early Devonian (Snopkova 8c 
Snopko 1979). Early Paleozoic ages (497-391 
Mi) are also proved bylJ-Pb dating from zircons 
in metavoleanics (Cambel et id. 1977; Scerbak el 
al. 1988). The Precamhrian age of the continen¬ 
tal source area was established front detrital zir¬ 
cons in metasediments (U-Pb; 600-900 iMa; 
Cambel et al. 1977), The SGZ Early Paleozoic 
flysch sequence (the Gelnica Group) was inter¬ 
preted as a relic of fore-arc filling related to active 
continental margin (Vozarova 1993). 

Within the Tiirna-Szendrd-Biikk zone the pre- 
Carboniferous complexes are only fragmentary 
preserved. They are represented mainly by rhe 
shallow-water to basinal sequences of passive 
continental margin of the northern Gondwana 
promonrory (for precise description: Kovacs 
1989; I'iilop 1994and others), 

The B.xshkirian olistostroma flysch complexes are 
the most typical feature of this subzone. They 
were described within the Turnaic Unit in the 
Inner Western Carpathians (Vozarova & Vozar 
1992) US well as in the SzendrG and Biikk 
Mountains (Kovdcs 1988, 1992). The slight or 
no Variscan metamorphism is typical for TSBZ 
Paleozoic complexes. Only exclusion are 
sequences of the Bashkirian llvsch in the Western 
Carpathian Turnaic Unit, the Vaiiscaii regional 
metamorphism of which reached the low-pressu¬ 
re greenschist facies (Mazzolt & Vozarova 1989). 
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Fig. 2. —The Westphalian of the northern Gemeric Unit (see legend Fig. 8). 


UPPER CARBONIFEROUS 

Marine development 

The Westphalian sequences are preserved within 
the paleo-Aipine North Gemeric Unit (Fig. 2) as 
tectonically reduced fragments. Their tectonic 
setting, related to continental collision,.-started in 
the Westphalian A by delta-fan, coarse- grained, 
very often boulder conglomerates, containing 
detritus derived from underlying pre-Late 
Carboniferous rocks complexes. Due to strong 
Alpine reworking the direct contact of these 
basement rocks and basal part of the 
Westphalian deltaic-marine overstep sequences is 
preserved only in some places. Basal conglome¬ 
rates of rhe Rudnany Formation unconlormably 
overlap the gneiss-amphibolite complex ot the 
Klatov Terrane in the vicinity of the Dobsina 
town, metasediments and metabasalts ot the 
Rakovec Terrane in the wider area of the 
Rudnany village, and the Early Carboniferous 


flysch sequence of Ctmef Formation in the area 
between Matgecany and KoSicka Bela (more 
details referring to Variscan and Alpine history of 
the North Gemeric Terrane />/Vozarova & Vozar 
1993, 1996; Vozarova 1996). Black shales and 
micaceous grey sandstone intercalations are nor¬ 
mal member of the fining upward Rudnany 
Formation. The floristic finds was determined by 
Nemejo (1947); Cordaites palmaeformis 
Goeppen, As teryphy Hites cf. gnindis , jisterolbrca 
miltimii Artis, Neuropteris sebutzei Potonie, N. 
gigantea abbreviata Stockmans. 

After initial rapid sedimentation the littoral to 
shallow-neritic limestones were associated with 
fine-grained clastic metasediments. This detritic- 
carbonate Jithofacies corresponds to basal part of 
the Zlatnik Formation, from which the 
Westphalian B-C age is indicated by rich trilobi- 
te fauna: Griffithicles dolosinensis I lies, Gftffithides 
rozloszniki Rakusz, 1932; Curtinlhigellrt sp. aff. 
btiiladovlcnsh Reed, 1942; Palladia sp. aff. e'uh- 
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waldi Fischer, 1825 {in Rakusz 1932; Boucek &L 
Pribyl I960). Basing on flora findings Nemejc 
(1947, 1953) ranged this sequence to the 
Westphalian A-B; Pa rip tens gigantea, Stylocala- 
mites suckavii, Neuropteris heterophylla, Ncuro- 
pteris gigantea Stbg, Neuropteris flexuosa 
Brongiart, Calamites ci.cisti Bmngiarr. The cono- 
done Idiognatoides sinuaius Harris-Hollingsworrh 
proved Westphalian A age (Kozur &: Mock 
1977). 

Upper part of the Zlatm'k Formation comprises 
fine-grained clastic metasediments associated 
with fine basaltic volcanoclastics and scarce effu¬ 
sions of high-K tholeiitic basalts, It reflects dee¬ 
pening of the Moscovian sedimentary basin, 
Poor microfloral assemblages proved the Late 
Carboniferous age, but no accurate division,. 
Termination of the Moscovian peripheral basin is 
reflected by the paralic sequence of the Hdmor 
Formation. It is characterized by: (1) distinct 
cyclical, coarsening-upward shally-sandy- 
conglomeradc sediments; (2) absence of synsedi¬ 
mentary volcantsm; (3) local occutfence of rib¬ 
bed coal seam. The microfloral assemblages 
proved the Westphalian D age: Reticulatisporites 
irregularis Kosanke, Tbymospora thiessenii 
(Kosanke) Wilson et Venkatachala, Apiculati- 
sporites raistrickii (Dyb.-Jach.), AnguHsporites 
splendidtts Bharadvv., lllinites elegans Kos. (Ilavska 
1962 unpublished report; Planderova 1979 
unpublished report). 

The metantorphic grade in the Moscovian 
sequences did nor exceed P-T condition of the 
boundary between anchizone and lower limit of 
the green-schist fades. 

Continental development 
Westphalian-Stephanian continental sequences 
are preserved within the several Alpine Central 
Carpathian nappe units, such as very strong 
reduced relics within the Zemplinic, Southern 
Gemeric and Hronic Units. Direct contact bet¬ 
ween Wesphalian continental overstep sequence 
and its immediate basement is expressed only in 
rhe Zemplinic Unit. 

Zemplinic Unit 

The crysralline rocks of rhe Zemplinic Unit 
(Fig. 3), together with their Late Paleozoic and 


Mesozoic envelope, make up a tectonic horst 
striking NW-SE, uplifted from the basement of 
Tertiary filling of the East Slovakian (Trans- 
carpathian) basin, According to the character of 
crystalline rocks and mainly Mesozoic develop¬ 
ment it may be correlated with the other units of 
the Tatro-Veporic domain (Vozarova 1989; 
Faryad 1995; Bysta Susp. Terr,, in Vozatovd 6c 
Vozar 1996). The Zemplinic Westphalian- 
Stephanian sequence consists of four partial 
lithostrarigraphic units (Cerhov, Luhyiia, Tina, 
KaSov Formations; in Boucek & Pribyl 1959; 
Grecula & Egyiid 1982; Vozarova 1986), Their 
stratigraphic range was established according to 
macro- and microfloral findings (Nemejc 1947, 
1953; Nemejc 6c Obrhel 1958; Planderova et al. 
1981), 

Polymictic conglomerates, with grain-supported 
structure and relatively well-rounded pebble 
material are dominant lithofacies of the Cerhov 
Formation. They are interpreted mostly as brai- 
ded-river deposits. The lithosrratigraphic profile 
Consists of repeated small fining-upward sedi¬ 
mentary cycles wirh prevalent conglomeratic or 
sandy-conglomeratic components. Minor black 
shale and silrsrone intercalations occur in the 
upper jtart of rhe sequence. The dating, 
Westphalian D-Srephanlan A, is based on domi¬ 
nant micro flora: Triquitrites sp„ Microleticulati- 
sporites sulcatus (Wils. et Ivr.), Tripartites sp., 
Cyrratriradites trizonarius Dyb. Jach. 

The gradually evolving Luhyiia Formation 
consists of fine grained lacustrine sediments 
sandstones, mudstones and shales of grey to 
black colour, interrupted bv episodic events of 
distal- fan streams. The Stcphanian A age was 
proved mainly by macroflora: Calamites cistii 
Brongn., Pccopteris cf. miltonii Artis, Aletbopteris 
sp., Astcrophyllites tricbomatosm Srur, Microfloral 
assemblages are indicative of the Srephnnian A-B 
range. Dominant spores are: Torispora securis 
Balme; Lycospora gnmulata Kosanke, Punctati- 
sporites punctatus (Kosanke, 1920) emend. 
Alpern, Densosporites gracilis Smith et Butter- 
worth, and striate pollen of the germs Vittatina 
are less frequent. 

Cyclo clients with thin coal seams represent the 
Tina Formation. The Early Srephanian age was 
inferred on the basis of plant findings: Pccopteris 
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Fig. 3. —The Westphalian and Stephanian of the Zemplinic Unit {see legend Fig. 8). 


cyathea Schlotheim, Cordaites borassifolius 
Sternberg, Sphenophyllum emarginatnm Brongn., 
Asterotheca arboresccns Brongn., Alethopteris bohe- 
mica Franke, Calamites cistii Brongn., Stigmaria 
ficoides (Sternb.) Brongn., AnmtLiria psen dostella- 
ta Potonie, Lepidopbloios laricimts Sternb., 
Lepidostrobophyllurn met jus Brongn, Pecopteri- 
dinm cf. costeii Zeiller. The 'Irna Formation can 
be divided into two large cycles (several hundreds 
of m thick). The lower cycle contains seven lim¬ 
it ic- fluvial cyclothcms with coal seams of 
variable thickness (from several cm up to 160 
cm). Generally, the sediments are rich in clastic 
mica, plant debris, fragments of tree minks and 
barks, Distinct cyclicity of fining-upward type, 
with sets of layers of black shales with thin coal 
seams and occasionally dark clayey lenses and 
nodules of limestones, indicate limnic-fluvial and 
swamp environments. The second large cycle is 
characterized by alluvial stream-channel Iithofa- 
cies, with dominant sandstone members and 
absence of the coal-bearing association. Several 


levels of rhyolite-dacite, calc-alkaline volcanoclas- 
tics are typical for this part of sequence. 

Thick layers of rhyolite-dacite volcanoclastics 
(including ignimbrites) and alluvial, stream- 
channel and flood plain sediments with domi¬ 
nant sandstones are predominating lithologies of 
the Kasov Formation. Based on the microfloral 
assemblages, the- Kasov Formation was assigned 
ro the Stephanian B-C. The following microflora 
assemblages were identified: Thymospora perver- 
rucosa (Alp.) Wil.s. et Yen., Columifiisporites ovalis 
Peppers, Latensitui trildus AJperti, Vittatina ovdlis 
Klaus, SpinosporUes& p„ Disaccitcs striatiti div. sp., 
Cotdaitina sp., Vcstispora finest rata (Kus.) Wils. 
erVen., Cydognmisporitespcrgranttltts Alp. 

FIronic Unit 

The Hronic Unit (Fig. 4) has been defined as a 
rootless megastructural Alpine unit consisting of 
two partial nappes: Sturec and Choc nappes 
(accord, to Andrusov et al. 1973). Due to their 
internal structure and mutual relations as well as 
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Fig. 4. — The Stephanian of the Hronic Unit (see legend Fig. 8). 


facial characteristics the partial nappes have been 
distinguished as mainly Triassic complexes. Both 
Hronic nappe units contain Late Paleozoic volca¬ 
no-sedimentary formations, preserved variably as 
a consequence of tectonic reduction during the 
nappe thrusting, Remains of these sequences are 
known in many mountain ranges in the Western 
Carpathians, whereby their tectonic position is 
always equal, between the Veporic/Fatric Unit 
and Northern Geineric Unit resp. higher 
Mesozoic nappe units, 

There is no evidence neither lor the underlying 
pre-Stephanian sediments nor for the immediate 
crystalline basement, Tectonic slices of granitoid 
blastomylonitcs found in the basal part of the 
Sturec nappe might be partly indicative of its 
composition (Andrusov 1936; Vozarova 6c Vozar 
1979). Data obtained through pcrrofacial analy¬ 
sis of clastic sediments proved an affinity to a 
magmatic arc source area (the hypothetical 
Ipoltica Terr., Vozarova &: Vozar 1993). 

The Stephanian, Nizna Boca Formation, is gene¬ 
rally a regressive elastic sequence with a disrinct 
tendency of coarsening upward. Numerous small 
repeating fining-upward sedimentary cycles are 
the most typical feature. Abundant graded-bed- 
ded sandstones with minor mudstone intercala¬ 


tions, as well as layers rich in plant detritus indi¬ 
cate a fluvial-lacustrine delta association. 
Sequences of fine-grained sandstones, mudstones 
and shales of grey to black colour correspond to 
lacustrine lithofacies. Syngcnetic, mostly subae- 
rial dacite volcanism is reptesented by abundant 
redeposited volcanogenic material mixed with 
non-volcanic detritus, less by thin layers of daci- 
tic tuffs and exceptionally with small lava flows 
of dac ite. 

Macroflora from the uppermost part of the 
Nizna Boca Formation indicates its Westphalian- 
Stcphanian age. Sitar (in Sitar & Vozar 1973) 
described well-preserved relics of Asterotheca mil - 
tonii Artis, Asterotheca arborescent Brongn., 
Cordaites palmaeformis Gocpp. and Callipteri¬ 
dium gigas Gutb. The similar flora was determi¬ 
ned by Ncmejc (in Mabel’ 1954) from strongly 
tectonically reduced remains of rhe easternmost 
Nizna Boca Formation occurrences: Catamites 
sp. t Lepidostrobophyllum majtts , Stigmaria ficoides 
(Sternb.) Brongn., Asiherotbera miltonii Artis, 
Palmatopreris ftreata Potonie. Basing on palyno- 
logical analysis- Planderovd (1979) distinguished 
two microflora assemblages: (1) the Stephanian 
A-B, Torlspora secuns Balm., Lycospora pusilla 
(Ibr.) Som., Verrucosisporites pergranulus (Alp.) 
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Smith., Crassispora kosankei (Pot. Kremp.) 
Bharadw., Laevigatosporites vulgaris (Ibr.) Alp. 
Doub., Thytriospora pseudothiessenii (Kos.) Alp, 
Doub., (2) the Stephanian C, Laevigatosporites 
div. sp.. Cyctogranisporiles densus Bharadw., 
Lycosperd puiilta (Ibr.) Som., Foveohuisporites 
junior Ros., Flanhporites kosankei (Knox) Pot. 
Kr., Cadiospora rnagfta Kos., A/latisporltes verru¬ 
cosus Alp., /). hcxaldiui Alp., Potonidsporitcs div. 
sp. and Disunites striatiti. 

Southern VeporicUnit 
The Southern Veporic basement is a composite 
and very strong Alpine reworked segment of the 
Variscan crust. Dominant part of this basement 
consists of several types of low- to medium-grade 
nietainorphic complexes. The occurrences of Al- 
Fe rich metasedinients (Korikovskij et al 1989; 
Kovac'ik 1991; Meres Ar Hovorka 1991) and 
orthogneisses of magmatic ate provenance 
(Hovorka et at. 1987) ate special tj-pe. Besides of 
these rock complexes relics* of migm3titized and 
strongly diaphtorized higfi-grade crystalline com¬ 
plexes were distinguished (?Ptotcrozoic in age; 
Bezak 1991). The Carboniferous cover is repre¬ 
sented by upward-coarsening sequence of the 
Stephanian sediments (the Slatvina Formation). 
Their direct contact with the basement is hard to 
prove, due to either Alpine thrusting or contact- 
thermic effects of younger granitoids (Vozarova 
& Vozar 1982; Vozarova 1990). 

Well-preserved cyclical structure as a multiply 
vertical alternation of gray metasandstones and 
datk-gray/black mctapelites and their regional 
unification in two large coarsening upward 
regressive cycles indicate mutual progtading from 
deltaic to fluvial environment. This prograding 
trend is, on the contrary to the rapid change of 
sediment colour from black or dark-gray to light- 
gray/light-green, due to changes in sedimentary 
environment as well as climatic conditions. In 
reaches of Stillwater there tended co develop 
anoxic conditions, resulting in formation of 
black shales. Abundant carbonized plant detritus, 
relics of tissue fragments, spores of terrestrial 
plants arc indicative of the proximity of plant 
covered continent. 

Conspicuous stratification and cyclicity, tabular 
and relatively uniform sandstone strata are the 


main sedimentary features. Most others were 
destroyed by the Alpine regional tectonometa- 
morphism and by consequent thermal relaxation 
(Vozarova 1990), 

On the basis of abundant pollen of the genera 
Potonietsporites Bhardw,, 1937, fllinites Kos, 
1950, Striatosaccites jizba. and FlorinitesS. W et 
B., 1944 and rhe species Thyawspom thienenii 
(Kos.) Wils, et Yenk. The sediments ate classed 
with the Stephanian C (Plandcrova & Vozarova 
1978). 

EARLY PERMIAN 

Generally, the Early Permian sequences arc repre¬ 
sented by continental, mainly coarse-grained 
sedimentary formations, the origin of which was 
first of all related to ttanspressiona) and then 
extcnsional tectonic regime. Integral part of these 
formations are volcanitcs and their volcanoclas- 
tics, among them the calc-alkaline thyolite-dacite 
less andesite and continental tholeiitic andesite- 
basalts are the most extensive. 

The Early Permian sediments prove mostly very 
low stiuctural and mineral maturity’. They show 
provenances from rhe uplifted and tectonic reju¬ 
venated crystalline basement or uneven cut mag¬ 
matic arc. The prevalent sediments deposited in 
alluvial ot fluvio-lacustfine and ephemeral lake 
environment, as well as semiarid to arid climatic 
conditions caused the absence of horizons 
containing fauna and flora. Biostratigraphical 
data are supported by mictofloristic investiga¬ 
tions, based on relative poor pollen and sporo- 
niorph spectrum. 

Cen tral Western Carpathians crystalline 
ZONE 

Within the Central Carpathians crystalline zone 
the superposition of the Early Permian deposits 
is the following; 

- unconformably lying on the crystalline base¬ 
ment; 

- gradual prograding from rhe underlying 
Stephanian sediments with the sharp change of 
sediment colour due to rapid climatic alterna¬ 
tions. 

A representative of the first rype formations is 
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Fig 5. — The Autunian and Saxonian of the Zemplinic Unit (see legend Fig 8). 


the sequence of the L’ubietova Group comprising 
the Brusno and Predajna Formations (Vozarova 
1979). 

Principal features of the Brusno Formation are 
the following: dominant arkosic sediments of 
psamitie/psephitic grade and evidence of synsedi- 
mentary volcanism (the Harnobis volcanogenic 
horizon). Monotonous, mostly light-grey and 
greenish-grey coarse-grained sediments indicate 
an environment of low-sinuosity rivers, Frequent 
washouts, erosive channels and in fact poorly 
preserved overbank and crevasse sediments are 
evidences of quick and chaotic changes of brai¬ 
ded alluvia with prevalent autocyclic erosive pro¬ 
cesses. The provenance of detrirus was proved to 
be underlying crystalline basement, mainly the 
granitoid and migmatite rock complexes 
(Vozarova 1979). The Harnobis volcanogenic 
horizon consists mostly of dacite effusions asso¬ 
ciated with dominant pyroclastic tuffs, in part of 
them ignimbrites and epiclastic deposits. Less 
frequent are andesites and their volcanoclasrics. 
According to their chemical composition the vol- 
canics correspond ro calc-alkaline variety with 
affinity to subalkaline magmatic trend. The age 


of the Brusno Formation is not reliably biostrati- 
graphically dated. 

The Predajna Formation overlaps disconforma- 
bly the Brusno Formation. Hiatus is documented 
by a conspicuous change of the drainage system 
as well as of the source area, the latter being 
reflected in distinct differences in composition of 
the detritus (mostly micaschisr, paragneisses, 
microgranites and the Harnobis volcanics). 
Variegated polymict clastic sediments indicate an 
alluvial fan and piedmont flood plain sedimenta¬ 
ry environment with isolated distal ephemeral 
lakes. Two regionally developed megacycles, with 
thick horizon of conglomerates at the base of 
each of them, are reflection of the synsedimenra- 
ry tectonic. The second is partially reduced due 
to pre-Triassic erosion. 

The Permian age of the Predajna Formation was 
assigned according to poor microflora: 
Monosnlcites minimus Cookson, Gnetaceapol- 
lenites sp., Gymatiosphaera sp., Karpatisporites 
minimus Pland., Punctutisporites sp., Reticula- 
tiiporites sp., Florinites sp. (Planderova et 
Vozarova 1982). 

The grade of metamorphism of the North 
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Fig. 6. — The Autuman and Saxonian of the Hronic Unit (see legend Fig, 8). 


Veporic Permian deposits did not exceed the 
boundary between anchizone and the lower-tem¬ 
perature pari of grcenschisr facies. 

Representatives of the second type of formations 
are the Early Permian deposits in the Zemplinic, 
Southern Vcporic and Hronic Units. 

A sharp transition from a humid to arid climate 
is characteristic for Permian sediments of the 
Zemplinic Unit (Fig. 5). During the Permian 
sedimentary development the synsedimentary 
tectonics was less intense compared to the 
Wesrphalian-Stephanian and, as a consequence, 
the rates of sedimentation and volcanic activity 
were reduced. Generally, the deposition procee¬ 
ded in an alluvial environment with the typical 
features of semi-arid and arid regions. Many 
coloured sedimentary complexes of the Cejkov 
Formation comprise proximal and distal alluvial 
facies (polymict conglomerates and sandstones) 
alternating with deposits of flood plain or of 
ephemera! arid lakes (mudstones alternating with 
shales and fine-grained sandstones and calcrete 
horizons). Characteristic, poorly sorted sedi¬ 
ments resemble fossil mudstone -and debris-flow. 
A part of this sequence includes several layers of 
rhyolite tuffs. The Early Permian age of the 
Cejkov Formation is assigned for abundance of 


the species from the genera Potonieisporites and 
Vittatina. The assemblages of sporomorphs are: 
Potonieisporites radiosus Schwarz, P. novicus 
Bhardw., Nuskoisporites dulhuntyi Pot- Klaus, 
Vittatina div. sp., Florinites div, sp. (Planderova 
et al. 1081). The microflora from the upper part 
of the Cejkov Formation proved the Late 
Permian; Lueckisporites virkkiae (Pot. Klaus), 
Jugasporites delasaucei Klaus, Umitisporites rectus 
Lesch . Lmiatisporitcs div. sp., Khusipollcuites 
schauhergeri (Pot. Klaus) l^esch, Faleisporites zap- 
fei (Pot. Klaus) Lesch. (Planderova etai 1581). 

A complex of monotonous violet-red, vaguely 
schistose mudstones represents the youngest 
lithostratigraphic Unit, the GernoChov 
Formation. Relatively thin (max. 50 m) sequence 
of monotonous plnya association is unc.onforma- 
bly overlain by light-grey quart/.ose conglomera¬ 
tic sandstones of Early Triassic age. Almost 
massive claystones and mudstones are rich in 
AKO 3 (20-21 %) and ferric iron (7 %). Poor 
microflora remains, Lueckisporites wirkkiae (Pot. 
Klaus), Stricti’Lles richteri (Klaus) Jizba, Juga¬ 
sporites lueckuides Klaus, Limitrsporttes rectus 
Leschilc, Kluusipollenites schauhergeri (Pot Klaus) 
fansortius correspond most likely to the 
Thuringian. Sedimentological and paleoecologi- 


GEODIVEHSItAS • 1998 • 20(4) 


631 







Vozarova A. 


cal data indicate that a short intra-Permian hia¬ 
tus is possible. 

The Early Permian sequences of the Hronic Unit 
(Fig. 6, the Maluzim Formation) are developed 
gradually from the underlying Stephanian. They 
comprise a thick succession of red beds -which 
consist of alternating conglomerates, sandstones 
and shales. Lenses of dolomites, gypsum and cal¬ 
crete/caliche horizons occur locally. Fining- 
upward cycles of the order of several meters, as 
well as three regional megacycles arranged above 
each other, are most typical. An important phe¬ 
nomenon is the polyphase synsedimentary ande¬ 
site-basalt volcanism with continental tholeiiric 
magmatic trend (Vozac 1977, 1983), 

Generally the sediments ot the Maluzina 
Formation originated, in fluvial and fluvial-lacus¬ 
trine environment, at permanently semiatid/aricl 
climate. Basal parts of the three megacycles 
consist of chanel-lag and point-bar deposits, 
associating laterally with flood plain and natural 
levee sequences. Upper part of megacycles is cha¬ 
racterized by -a playa, scarce inland sabcha and 
ephemeral lake associations. 

The microflora proved the Early and Late 
Permian age of the Maluiina Formation. The 
following assemblages were described by 
Planderova (1973: in Planderova & Vozarova 
1982): (1) Autunian: Spinasparitvs exiguus 
Upthaw-Hcdl., Thymospom div. sp. v Cnlurnini- 
sporites avails Peppers, Punctatisporites speciosus 
Kalib., Cordaitina div. -sp., lllinites- uniats Kos., 
Vittatina div. sp.; (2) Autunian-Saxouian: Laten- 
sina trileta Alp., Potonieisporites no via is Bharad w., 
P. mdiostts Shwarz., Jugasporites delassaucei Klaus, 
Vittatina avalis Klaus; (3) Thuringian: 
Calamospvra nathorstii Klaus, KLiusipnlleuites div. 
sp., Carpathhporites sittleri Pland., Lueckhporites 
parvus Klaus, Vittatina angulistriata Klaus, 
Monosulrites minimus Cookson. 

The Au tunian-huxauian microflora assemblages 
correspond approximately to the first and second 
megacycles. This assumption is supported by 
206 Pb/ 238 U and -^Pb/^U dating of 263 and 
274 Ma from uranium-bearing layers of the 
uppermost parr of the second megacycle (Lepka 
in Rojkovic et al, 1992), 

Sediments of both formations contain detritus 
derived from: (1) granitoids and high-grade 


metamotphics; (2) Psynsedimentary or a little 
older dacite volcanics; (3) andeske/basalt synsc- 
dimeniarv volcanics; (4) low-grade metamor- 
phics. Generally the grade of regional 
meramotphism did not exceed P-T conditions of 
diagenesis/ anchizone boundary 
The strongly Alpine reworked metasediments of 
the Southern Vepotic Unit consists of coarse¬ 
grained nietaarkoses, meta-arkosic wackes and 
meta-conglometates with abundant granitoid 
detritus, Fine-grained metasediments are only 
minor component. They provide very poorly 
preserved spote .species of the genus Luec- 
kisporites , ranging these sequence with the Early 
Permian (Planderova & Vozarova 1982). 

Northern Ghmeric Zonk (Fig. 7) 

Continental Permian sequences overlapped 
slightly deformed relics of the Westphalian peri¬ 
pheral basin tilling as well as all pre-Westphalian 
complexes of the North Gcmeric Zone. Prevalent 
coarse-clastic sediments derived from the colli¬ 
sion belt are associated with bimodal 
artdesite/basah-rhyolite volcanism. The develop¬ 
ment o! the Permian depositional realm was 
connected with post-Asturian transpression/ 
ttanstension stage, as a result in extensional regi¬ 
me during the Late Permian-Mesozoic time. 
Following are the characteristic features; (1) 
multi-coloured clastic sediments with dominant 
violet and violet-red: (2) gradual fining-upward; 
(3) cyclicity manifested within the framework of 
small cycles as well as megacycles; (4) bimodal 
calc-alkaline volcanism. 

The basal part (the Knola Formation) contains 
mostly poorly sotted polymict conglomerates 
and breccias of extremely variable thickness, with 
pebble material reflecting the composition of the 
direct underliet. The coarse-grained sediments 
overlapped different parts of both pre- 
Carbonifcrous crystalline complexes as well as 
irregutally eroded sutface of the Westphalian for¬ 
mations. They represent fossiL mudflows, partly 
resvorked in some places, relieved by alluvial, 
mainly stream channel deposits. Age of these 
sediments is not determined, due to lack of fos¬ 
sils' remains. 

Volcanics and volcanoclastics-ol bimodal mag¬ 
matic association are the main features of the 
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Fig. 7. — The Autunian and Saxonian of the North Gemeric Unit (see legend Fig. 8). 


Petrova Hora Formation. The polyphase volcanic 
activity manifested regional and time relations to 
large sedimentary cycles. Sediments are characte¬ 
ristic by low degree of maturity and mixture of 
syngenetic volcanic and non-volcanic detritus. 
Among the most striking features are rhe fining- 
upward alluvial cycles, with channel lag, pointbar 
and flood plain lakes facies alternating with playa 
lake subenvironmenr at the topmost part of large 
cycles. 

The microflora found in the upper part of rhe 
Petrova Hora Formation proved Saxonian age; 
Limitisporites moesensis (Grebel) Klaus, Vittnthm 
div. sp., Nuskoisporites dulhuntyi Klaus 
{Planderova 1979 unpublished report). This age 
is supported by isotopic analysis of sulphides 
from volcanogenic horizons; 2nf, Pb/ 2 - Vj U = 263 
Ma; 2,,7 Pb/ 2,, U = 274 Ma (Novotny & Rojkovic 
1981). 

The Aunmian-Saxonian terrigenous and terrige- 
nous-volcanogenic sequences are overlapped by a 
relatively mature sandy-conglomerales horizon, 
with contents of pebble material derived from 
direct stratigraphic underlier. Phis could have 


been a consequence of the break in sedimenta¬ 
tion after Saxonian, but biostratigraphic evidence 
to support this assumption is missing. Alluvial, 
stream channel deposits prograde gradually 
upward to the inland sebklia and near-shore seb- 
kha/lagoonal fades, with anhydrite-gypsum and 
salt breccia horizons (the Novoveska Huta 
Fotmaiion). Isotopic analysis of sulphur shows 
the results close to data on the Late Permian- 
lower part of the Early Triassic (Kantor ct al. 
1982). There are gradual transitions up to the 
Clarttia do mi horizon. 

The grade of metamorphism of the Permian rock 
complexes did not exceed the P-T condition of 
anchi/.one, 

Inner Western Carpathians crystalline 
zone 

The Early Permian sediments were developed 
only within rhe Southern Gemeric Unit (Fig. 8). 
Late Variscan, post-orogenic overstep sequences 
of the Southern Gemeric Unit are represented 
only by rhe Permian to Early Triassic continental 
and near-shore, lagoonal-sabcha formations. 
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Fig. 8. — The Autunian and Saxonian of the South Gemeric Unit. 1, delta-fan, shallow marine boulder conglomerates; 2, marine 
conglomerates; 3, marine sandstones; 4, sandstones with admixture of volcanoclastic detritus; 5, acid to intermediate volcanics; 
6, andensite-basalt volcanics. 


They unconformably overlapped their Early 
Paleozoic basement, rhe volcano-sedimentary 
flysch of die Gelnica Group (defined rogerher as 
the Gelnica Terr., Vozdrova & Vozar 1993, 
1996). Generally, the Early Permian volcano¬ 
sedimentary complexes arc characterized by a 
high content of mature detritus, mainly in iheir 
basal part. Conspicuous upward fining is accom¬ 
panied by relative decrease of compositional 
marurity and grain-size of sedimenrs. Seditnenrs 
represent rhe relics of sedimentary basin filling 
which originated in rranspression/transrension 
regime, prograded to the initial stage of posr- 
Variscan rifting. The whole sequence is subdivi¬ 
ded into two lithostratigraphic units: the 
Roznava and Stitnik Eormations. 

Characteristic lithotype of rhe Roznava 


Formation are the oligomicr, quartzose conglo¬ 
merates, with indistinct stratification. The whole 
sequence is subdivided vertically into nvo large 
cycles, with conglomerate horizons at the base of 
each and sandstone-shale member between their 
two. Dominant are stream channel and sheet- 
flood deposits, with unimodal transport system. 
Both conglomeratic horizons are connected wirh 
rhyolite-dacite subaerial volcantsm. Their chemi¬ 
cal composition correspond to calc-alkaline mag- 
maric type. The Early Permian age of the 
Roznava Formation is assumed on the basis of 
microflora, with rhe predominant species of the 
genera Potonieisporites, Struttodisaccites, Vittatma 
sp. and mainly the form Triquitrites additus Wils. 
erHofm., Potonieisporites novicus Bharadw., 
Vittatina costabilis Wils (Planderova 1980). 
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The gradually prograded Sritnilc Formarion is a 
monotonous complex of cyclically alternating 
sandstones, siltstones and shales. Lenses of carbo¬ 
nade sandstones and dolomitic limestones with 
intercalations of shales occur only in its upper 
part. Thin lenses of phosphatic sandstones and 
sediments with extremely high content of albite 
(albitolites) are exceptional. Sediments contain 
relatively high amount of thyolitc/dacfte detritus 
(Psynsedimenrary or redeposired from rhe 
Rozriava Formation). Sedimentary environment 
is interpreted as alluvial-lacustrine and lacustrine, 
with high-alkaline lakes in some places, progra¬ 
ding into near-shore, lagoonal-sabcha facies. Age 
determinations are known only from the upper¬ 
most part. The Late Permian was proved on the 
basis of cone slice and twig of I'seudovoltzia lie- 
beana (Geinitz) Florin, and leaves of the genus 
Sphenozamitcs , as well as remains of bivalve tests 
of the genus Carbotiicnla McCoy, 1855 (Suf 
1963). Microfloral assemblages confirm the Late 
Permian-Early Triassic age of this horizon 
(Planderova 1980). 

Generally, sequences of the Southern Gcmeric 
Permian are distinctly dynamometamorphically 
deformed, with grade of mctamorphLsni reaching 
P-T conditions of anchizone to low-temperature 
part of grcenschist facies. 

Within the Inner Western Carpathians (the 
Turnaic Unit; TSBZ) rhe continental red-beds 
unconformably overlying the Bashkirian flysch 
are mosr probably rhe Late Permian in age (since 
biostratigraphical undated). 

DISCUSSION 

The Carboniferous-Permian sedimentary basins 
of the Western Carpathians originated in rime 
and space as a consequence of collision/subduc- 
tion events ofVariscan orogeny The topical dis¬ 
tribution of these basins, as well as the lirhofacial 
character of their filling, document southern 
polarity of the Variscan orogeny of rhe Western 
Carpathians, responsible for the opposite vergen- 
cy in comparison with that in rhe Alpine branch. 
Basins originated gradually as a consequence of 
microplate interaction. 

The beginning of colfisional events was connec¬ 


ted with the Bretonian movements and develop¬ 
ment of the Early Carboniferous flysch remnant 
basin sequences preserved within the Northern 
Gemcric Unit. The prolongation of collision car¬ 
ried on closing the Early Carboniferous flysch 
basin and caused hiatus during Namutian B-C. 
The Sudctian movements gave rise to the 
Bashkirian-Moscovian marine peripheral basin, 
whose basal sequences fixed the Early 
Carboniferous flysch and both rwn pre- 
Catboniferous complexes (fragments of crust 
with oceanic/supraoceanic affinity). Closing of 
this basin was connected with Asturian events 
and is reflected in hiatus during Stephanian. The 
North-Gemeric Early and Late Permian conti¬ 
nental red-beds sequences originated under 
transpression/ttanstension and extension post- 
otogenic regime. 

Due to these compression events, the different 
evolution basins were established on formerly 
overthrusted continental plate, whose fragments 
are dismembered within the several CWCZ 
Alpine ntegaunirs. Continental sedimentation 
under humid climatic conditions was characteris¬ 
tic for this part of the plate during the Late 
Carboniferous. These relics ate preserved within 
the Alpine Zcmpiinic, Hronic and Southern 
Veporic Units. Sequences from the last of them 
are very strong Alpine reworked. Generally, a 
characteristic feature for these developments is 
gradual prograding inro the Permian arid/semi- 
arid red-beds formations. The sedimentary 
basins were established in pull-apart and exren- 
sional tectonic setting (most probably in back-arc 
position). The latest stage of this process affected 
the formations which were incorporated into the 
Northern Veporic and Tarric Units (Saxonian 
even Thuringian). 

Particular fearures have been observed in the 
Permian formations of the Southern Gcmcric 
unit. Their mineral exrremely mature detrirus, as 
compared with orher conremporal sediments of 
rhe Western Carpathians unit allows ro correlate 
rhem with other early-Alpine riftogenic tectofacies 
of the Alpine-Mediterranean domain. They were 
most probably already connected with the pre¬ 
vious Baskhirian flysch zone sedimentation 
(TSBZ), characteristic for the South- 
Alpine/Dinaric development. Discovering the 
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Baskhirian flysch sediments (the Turiec 
Formation, Vozarova 1992) within one of the top¬ 
most tectonic units of the Inner Western 
Carpathians (Turna Nappe) confirms this assump¬ 
tion (Vozarova & Vozir 1992; Vozarova 1996). 
From the poinr of view of comparison of 
Carboniferous-L’ermian sequences in the AJpine- 
Carpathian arc, rhe position of synorogcnic 
flysch sediments in space and time is an impor¬ 
tant criterion (Ebner 1991). The Tournatsian- 
Visean (pre-Sudetic) flysch, which is preserved in 
rhe Northern Gemerlc Zone (NGZ), reflects the 
stage of convergence. This flysch trough contai¬ 
ned shreds of oceanic crust (serpentinites) as well 
as detritus from a collisional fold-thrusr belt and 
from the rejuvenated basement (source of low- 
grade metasedimenrs and metavolcanites as well 
as granitoides and gneisses). Its most probable 
paieotectonic position was that ofresidu.il basin, 
arising with oblique collision. This is testified by 
gradual transition from flysch environment to 
terrestrial-carbonate, shallow-water sediments of 
Serpukhovian age. 

Synorogcnic, pre-Suderic flysch sediments are 
represented in the Eastern Alps, in die Stolzalpe 
Nappe (Gurktal thrust system) in central 
Carinthia (Neubauer & Herzog 1985). They are 
also covered by l.ate Carboniferous molasse sedi¬ 
ments (Murau area), which is, however, on the 
contrary to the NGZ, in continental develop¬ 
ment. Early Permian sediments in both units 
indicate continental environments (Ebner et ill. 
1990a), An equivalent of the L-ate Visean- 
Serpukhovjan shallow-marine horizon with 
magnesites (upper part of the Ochtinn group in 
the NGZ) is development in the Veitsch Nappe 
of the Grauwackenzonc (Neubauer & Vozarovi 
1990). Equally also lithological characteristics 
and the paleoenvironment of the Carboniferous 
from Noetsch are comparable with marine 
molasse sediments in the NGZ. 

In rhe Southern and Eastern Carpathians silici- 
clastic and/or siliciclastic-carbonate sequences of 
Early Carboniferous were described (Nasraseanu 
1987; Nastascanu Si Krautner 1990; Krautner 
1990), which, however, are poorly proved bio- 
stratigraphically (Infrabucovinian N., Bucovinian 
N., Supraghctic N., Danubian Unit) and from 
sedimentological point of view are of untypical 


flysch development. A feature common in both 
compared areas is Variscan metamorphism of 
Early Carboniferous complexes. Well correlable 
sequences are, however, continental Late Carbo¬ 
niferous and Permian from the General Western 
Carpathians (CWCZ) and in the Ghetic Unir in 
Romania described by Nastascanu tt al. (1973) 
and Nasraseanu (1978). In the /\puseni 
Mountains (Biharia and Codru Nappe system) 
continental Late Carboniferous and Permian 
sediments with andesiie-hasaltic riftogenic volca- 
nistn arc known, similarly as in the Hronic Unit 
in the CWCZ. 

Relics of Late Devonian-Early Carboniferous 
flysch formations were also described in the 
region of the Balkanides and in the Kraishrides 
(Yanev & Spasov 1985; Tenchov 1990). They arc 
covered by Westphalian and/or even Permian 
continental deposits. 

The pre-Asturian flysch, which is preserved in 
the Inner "Wesrern Carpathians (IWCZ) in the 
Turnaic Unit, has its continuation in the Szendro 
and Uppony Mountains in northeastern 
Hungary, where, it was described in details by 
Kovac.s &C Pe'ro (1983) and Kovacs (1987). l his 
flysch lias its equivalents in the Southern Alps 
and Karawanken (Ebner el at. 1991). The flysch 
complexes are Variscan low-grade metamorphos¬ 
ed (Mazzoli & Vozarova 1989; Ebner el al. 
1990b). The pte-Asturian flysch complexes are 
usually covered by shallow-water or even deltaic 
sediments of Westphalian to Siephanian age. An 
exception is the Turnaic Unit (IWCZ) where the 
marine molasse is missing and the flysch is cove¬ 
red by Permian, continental sediments (rifto¬ 
genic stage of the Alpine cyclus). 

In the Biikk Mountains the pre-Asturian flysch 
reaching even the Westphalian is continuously 
replaced by shallow-marine sediments of Late 
Westphalian-Stephanian age (Kovics & Pero 
1983). The sediments are not Varisean-metamor- 
phosed and only in places affected by weak 
Alpine metamorphism (Arkai 1983). Permian 
sediments are lagoonal-nearshore marine, inter¬ 
rupted by a short-dated Middle Permian event of 
continental sedimentation only. An analogous 
development of the Permian is also the Carnic 
Alps and Karawanken (Ebner et al. 1990; 
Ramovs et al. 1990). 
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In the Trunsdaruibun Mid-montains Unit the 
Carboniferous is represented by Visean lime¬ 
stones (Foldvari 1952) and Westphalian- 
Stephanian conglomerates (Mihaly 1980), These 
sequences as well as all pre-Carbonilerous com¬ 
plexes show South Alpinc-Dinaric affinity. The 
Late Carboniferous-Permian continental sedi¬ 
ments unconformnbly overlapped medium- and 
high-grade Variscan and pre-Variscan metamor- 
phic rocks afTisia Unit in the southeastern part 
of Hungary (Mccsek and Villany Mountains, 
Kassai 1976). Complexes of the Tisia Unit as 
well as its Carboniferous-Permian cnveloppe 
have no equivalent in the Western Carpathians. 

In the context ol stratigraphic age of the sedi- 
mentologicully well established fly sc h sequences 
and clastic/volcanoclastie piles which take in 
synorogenic position, the following comparison 
can be done - . 

1 . Inrernal zone ol Alpine Variscidcs belt with pre- 
Sudetic flysch environment: CWCZ joined with 
NGZ in the Western Carpathians, eastern 
Grauwackenzonc and Gurkta! thrust system and 
Carbonifctous of Noetsch area in the Eastern 
Alps, nappe thrust system of Bucovinian and 
Ghetic Units; in the Eastern and Southern 
Carpathians in Romania, part of Balkanides and 
Kraishtides in Bulgaria. This zone comprises 
mainly medium- and high-grade metaniorphic 
basemetu with huge masses of pre-Mesozoic gra¬ 
nitoids, as a result (if predominantly Variscati 
metamorphism and magmatism. With respect to 
these characteristics, this zone corresponds to the 
Mediterranean crystalline zone (MCZ) defined by 
Neubauer &T Raumcr (1993). The pre-Sudetic 
flysch zone covered by Visean-Serpukhovian mari¬ 
ne molasse, which is designated as the NGZ in the 
Western Carpathians, has continuation in the 
high Eastern Alps Units (Noctsch-Veitsch- 
Ochtina zone according io Fliigel 1990, North 
Gemeric-Veitsli zone after Neubauer & Vozarova 
1990). It is interpreted as an intrasutural basin 
amalgamating two major Variscan microplates 
(Vozdrova & Vbzar 1988; Neubauer &: Vozarova 
1990) or as .southern extension of the MCZ 
(Neubauer & Raumer 1993). 

2 , External zone of alpine Varisddes belt with 
pre-Asturian flysch environment; 1WCZ with 
Turnaic Unit, Szendrri Mountains and Uppony 


Mountains and Biikk Mountains in Hungary, 
southern Alps and Karawankcn. The basement 
of this zone is either unknown or consits of 
dominantly shallow-water carbonates including 
pelagic limestones. An exception is the Southern 
Gcnteric Unit (IWCZ) with the long-timing 
Early Paleozoic Flysch sequence. This external 
zone could be correlated with the Noric-Bosnian 
and Betic-Scrbian zones distinguished by 
Neubauer Sc Raumcr (1993). 

CONCLUSION 

The distribution of Carboniferous-Permian 
basins in time and space as well as the Iithofacial 
character of then filling indicate a reverse polari¬ 
ty (southern) in comparison with the Alpine oro¬ 
geny. The results of Variscan otogenic events was 
the unevenly consolidated continental crust 
which, alter a .short period ol stability (from the 
south to the north in the Late Perm tan/Early 
Tiriassic to Middle/Late Triassic), was incorpora¬ 
ted again in the new orogenic Alpine cycle. 

On the basis of filling relics of Carboniferous- 
Permian basins in the Western Carpathians two 
zones of continental collision differing in time 
were identified: 

— the internal zone, with termination of collision 
during Bretonian-Sudetian events, tesulting in 
syn-collision fcarly Carboniferous flysch and 
marine Late Carboniferous perisutural basin as 
well as continental, back-arc ttnnsprcssion basins; 

— the external zone, with termination of collision 
during Asturian events (IWCZ). This zone is 
represented by die Baskhirian flysch and the Late 
Wextphalian/Stephanian marine - perisutural basin 
(relics preserved only on the territory of northern 
Hungary) and the post-orogenic continental 
Permian deposits (Southern Gcmeric and 
Turnaic units on the territory ofSlovakia). 
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